The 5C's of Radiology Education is a tool created from a recent qualitative study designed to explore how radiology exposures impact medical student opinions and perceptions of radiology and radiologists. It outlines the factors that the medical students identified as important for their radiology education. These factors are curriculum, coaching, collaborating, career, and commitment. The purpose of this paper is to provide a review of the literature of undergraduate medical education both broadly and more specifically to radiology education using the 5C's of Radiology Education framework.
There is agreement in the literature that good teaching creates higher learning performance and satisfaction [1] . In turn, this creates better residency applicants, better collaborators, and better resource managers [2e4] . Given the recent trend of decreasing applicants to radiology [5] , it is important to critically evaluate how medical students are receiving radiology exposure and identify opportunities for positive change.
In a recent qualitative study designed to explore how radiology exposures impact medical student opinions and perceptions of radiology and radiologists [6] , the authors proposed the 5C's of Radiology Education framework ( Figure 1 ) which outlines the factors that the medical students identified as important for their radiology education. These factors are curriculum, coaching, collaborating, career, and commitment. The purpose of this paper is to provide a review of the literature of undergraduate medical education both broadly and more specifically to radiology education using the 5C's of Radiology Education framework.
Review

Curriculum
Students value having radiology integrated with other courses as long as the radiology material is appropriate to the level of students' training, of good resolution with adequate description, and normal images are provided so that the students can compare the appearance of pathology to a normal reference. Using a well-integrated radiology curriculum has been found to be an effective and preferred method of learning by medical students [3,7e9] . Compared to large group settings with didactic lectures, students prefer small group sessions with facilitator interaction and case-based learning. Although radiology staff involvement is ideal, radiology resident teaching would be acceptable as long as the quality of teaching is high. This is supported by similar research that found radiology residents to be as effective overall as attending radiologists at presenting standardized lecture material to medical students. No difference in student perception of overall lecture quality or in student performance on examinations was found [10] .
The following were the 2 strongest suggestions for curriculum topics: (1) identification of normal anatomy on common imaging modalities such as radiographs and CT, and (2) development of techniques for viewing imaging studies commonly seen in general practice settings such as chest, abdomen, bone, and joint radiographs. These topics were similar to that identified by Subramaniam et al [11] . As well, this work demonstrates the student's recognition of the clinical relevance of using imaging to learn anatomy. In a study by Arya et al, students found the use of radiologyanatomy correlations labs to be an effective way to learn and apply anatomy to clinical problems [12] . Furthermore, when providing teaching, medical students prefer the Socratic method with gentle questioning by the instructor [13] .
Radiology assignments and evaluations were considered important to both learning the material and to valuing the material as important. Supplying adequate resources, such as online learning modules, appropriate radiology approved websites, and staff or resident support, was recommended. In a consensus survey of educational experts with special interest or involvement in undergraduate medical training from across the UK, there was agreement that formal assessment of student learning was required, and appropriate assessment formats include slide shows, objective structured clinical examinations (OSCEs), and case based studies. There was limited agreement on using written examinations or multiplechoice questions [9] . Furthermore, studies have shown particular success in implementing OSCEs to test the integration of radiologic and clinical knowledge [14, 15] . In part, this success may be due to the strong preference of the students to receive constructive performance feedback, which is often integrated into OSCE evaluations.
Finally, student feedback about the selective and elective rotations demonstrated the importance of providing both clear objectives for managing student expectations and a clear sense of purpose including what knowledge and skills the students will acquire. Learning objectives directly enhance the learning process for both the learner and the teacher, and ought to be utilized not only in the classroom setting, but also within the selective and elective rotations. Webb et al provide an excellent review of the components of a proper learning objective and outlined a simple, straightforward approach to effectively writing them for radiology education [16] .
Coaching
Preclerkship students greatly value opportunities to have clinical experience and meaningful interactions with radiology staff and residents. Traditionally, the student creates these opportunities through informal networking. However, this method is fraught with problems, such as the need for credentialing, patient confidentiality issues, lack of defined roles, and impact on other learners [17] . To alleviate these problems and improve access for students, the use of structured observership and research programs are recommended. Penciner et al demonstrated that structured experiences are easy to organize and improved attitudes and interest to seek out further learning opportunities [17] . Dorrance et al found that a structured research program in preclerkship not only improved scholarly productivity but also cultivated mentoring relationships [18] . Levine et al provide an excellent guide for radiology faculty interested in participating in clinical research with medical students [19] .
Another advantage of having a structured observership program is the opportunity to offer placements of longer duration. Although there is a role for short, 1-day observerships, having longer placements of 1e2 weeks was desired by some students, especially those already considering radiology as a career option. Studies that implemented structured summer observership programs of 1e2 week durations for preclerkship students found participants to have improved knowledge and understanding of the profession, and improved confidence and comfort when interacting with the department later in clerkship [20, 21] .
Medical school represents a time of transition from school to work, and to ease this transition, students want role models, coaches, and experienced advisors. Although more work is needed regarding the subtleties of mentoring, including how the relationships are experienced by the mentors and mentees, a systematic review of mentoring in academic medicine found that it is important for personal development, career guidance, career choice, and research productivity [22] . There are also a number of different models of mentoring [23] which need more evaluation within the context of medical education, but research has shown successful use of work-based mentoring, which is also called instrumental mentoring [18, 24] . The concept is that mentorship occurs while the mentee develops specific skills in an area of expertise, such as research. Furthermore, medical students in this study felt it would be valuable to have a peer-to-peer mentorship program for aid in preparation for residency applications and interviews.
Collaborating
Collaboration is 1 of the pillars of radiology. The current culture shift to value-based medicine and patient-centered care is reminding radiologists of this core value and is reshaping the scope of practice [25] . Medical students recognize and respect radiology as an integral part of the health care team [6] . It is of the utmost importance that observerships and selective and elective rotations reinforce for students the message that radiology is a collaborative profession.
Medical students learned the most about how radiology collaborates within and outside of the department while on clinical rotations, particularly through exposure to the informal radiology curriculum. This curriculum is evident in the way information is exchanged with colleagues, the language used, and the respect given to one another [26, 27] . Students highlighted this as an important area for improvement. The main suggestions included enhancing educator professionalism and redesigning the clinical rotations to maximize meaningful interactions and relationship development.
Within the formal curriculum, students requested to learn more about imaging indications and costs for common clinical presentations. Also, students wanted to know when consulting a radiologist is appropriate. No mention was made of either the American College of Radiology (ACR) Appropriateness Criteria or the Canadian Association of Radiologists (CAR) Referral Guidelines. This knowledge gap was also identified in a survey of 444 fourth-year medical students from 37 medical schools in America [28] . However, when the ACR appropriateness criteria were incorporated into a structured radiology clerkship, 94% of students found them useful and 89% reported intentions to use this resource in future clinical rotations and in their career [29] .
Career
The most effective time to provide information about a career in radiology is early in medical school, optimally year 1, when students are developing their career plans and determining which specialties are of interest to them [30] . Lifestyle was identified as the primary topic of interest. This is congruent with a survey of 917 Canadian medical students that identified job flexibility as 1 of the top 3 factors influencing medical students' specialty choice [31] . Other topics of interest included the different radiology subspecialties, research, and observership opportunities, resident applications and competitiveness, residency difficulty and need for fellowships, job availability, and the impact that outsourcing and teleradiology will have on the job market. Also, to a lesser extent, they wanted to know about radiation exposure and earning potential [6] .
Commitment
A large portion of student comments centered on the need for motivated and committed radiology faculty and residents. In a survey of fourth year students over a 5-year period at a single institution, the most cited factor for increasing interest in radiology was excellent teaching [2] . This factor is essential to the success of any program involving medical students, in part because it creates connectedness and gives students a sense of value. Regrettably, it is often the most difficult factor to establish because it cannot be bought, bribed, or coerced. The barriers to commitment are complex and variable [32] , but likely surmountable as inaction becomes more costly than action.
One potential and promising suggestion for improving commitment to high quality radiology education for medical students is enhancing the resident-teacher role. In the greater medical community, many studies suggest that resident teaching has a positive impact on both the medical students and the residents [33] . Furthermore, having residents assume more of the teaching responsibilities protects faculty time for resident education. Currently, resident-teacher training programs have been established in less than 12% of American radiology residency programs [34] , but studies implementing such programs show positive results [35, 36] .
Proposed Curriculum
To illustrate the use of the 5C's when creating a curriculum, a proposed outline for radiology education in the undergraduate medical curriculum based on the 5C's of Radiology framework is provided (Figure 2 ). This proposal is derived from evidence-based data of the aforementioned studies.
Conclusions
The 5C's reflect medical students' desires to learn content that will support them in clinical practice, to be supported in their professional development, and to have the necessary information to make informed career decisions. Designed using feedback from medical students, the 5C's provides a framework on which program directors of radiology education in UME can build a comprehensive curriculum such as that proposed in this paper. This review supports the statement that the 5C's are in agreement with current education literature, but future studies evaluating the implementation of this framework are needed to further assess its effectiveness in practice.
